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VIBRATOR ASSEMBtY 

10 

Field of Qte Invention 

Ihls invention relates gexieraDy to vibrator aseenblies and more 
sptdiSssJly to a surface mountable vibxatox- assembly. 

15 

Background of the Ixivention 

Vibrators are used in a variety of devices. For example, pagers 
20 and radio telephones emplc^ vibrators to effect a silent pa^e or 
incozning call alerting signal. If the device is positioned against 
user's body, sudi as by placement in a shirt pocket or hung from a belt, 
die VSbzation alerts the user ivxttiout others hearing Ote device. This 
silent alert is particularly advantageo\>s in meetings or in offices where 
25 a lot of people share common space. 

' The devices that employ a vibrator also employ dxcuit 
cumponenis mounted on a circuit board, 'ili^e circuit components are 
preferably electrically connected to the drcuit board by automated 
reflow heating. Vibratoxs, Which operate from a UC voltage potential 
30 supplied thereto, also must be electrically attadied to Ihe dreuit board. 
However, vibratoxs can not be connected to ihe drcuzt board by 
autoxnated reflow heating. Vibrators are heat sensitive and easily 
damaged. Once damaged, they can not be readt^ r^aired. 
Acawdingty, vibrators must be electrically coupled to drcuit bcsrds via 
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wires, a flex strip, or two pin coimector employins wires tiiat arc 
structuially connected to the drcuit board via hand soldering during a 
. ^parate manufacturing step. 

A vibiator must be securely mounted to the circuit board. 

S Vibrators include a motor, a shaft driven by flie motor, and a weigUl 
canied on the shaft In operation, the motor toiates the wei^ted shaft 
causing tiie vibrator tn vibrate significantly- The aforementioned 
declrical coupling via wires is not sufficient to secure the location of 
tiie vibrator in the device. Thus, to prevent damage lo itself as well as 

10 o*er proximately positioned electrical components^ the vibrator is 
mounted to tite drcuit hoard via a prefbnned bracket. The bracket is 
typically attached to tfie drcuit board during a saparate manufacturing 
step via hand soldering OT automated, reflow hearing. The vibrator is 
then assembled into Ac bracket at the motor to ensure secure 

15 attacdiment. 

Therefore, what b needed is a vibrator assembly ti\at facilitates 
automated mounting so as to minimize manxifacturiiig steps, allows 
for easy repair, and avoids the use of wires. 
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Brief Descripdon of the Drawings 

HG- 1 illustrates a perspective view of a portable electronic 
device employing a vibrator assembly attached to a siibstrate; 

HG, 2 illustrates an exploded perspective view of the vibrator 
assembly and ^e substrate of FIG. 1, 

HG. 3 Illustrates an alternate vibrator assembly; and 

HG. 4 illustrates an enlarged, partial, cut away view of die 
alternate vibrator assembly of HG. 3. 
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Detailed Descilption of the Prefecied Eznbodiznents 

A vibrator assembly includes a vibzator and a pak of c^^ The 
pair of dip3 are adapted to be mounted to a substrate having a* 
5 controllable power source. The pair of clips are dectrically coupled tu 
the controllable power souicc The pair of dips are also adapted to 
. removably engage the vibrator. The vibrator is secua^d and powered 
yiS the pair of dips; ^erdTy, dxxninating the need for a separate 
mounting bracket and pair of wires- 

10 FIG^ 1 iUustrattt a radio communication syatem 100 irududing an 

electronic device lOZ The electronic device 102, whadx is shown as a 
porlaible radio tdiephone, indudes a housing 104 and a substrate 106 
disposed within the housing 104 (but viewable via a cutaway area 108 
of the housing 104)* The housing 104 indudes speaker hczeSL and 

15 openings IIU having a speaker (not showxO positioned therebehlnd. 
display 112, keypad 114, and microphone opening tl6 having a 
microphone (not shown) positioned therebehind. An antenna 118 is 
carried on the housing 104* The antenna 118 is dccixically connected to 
transceiver drcuitry^ sudi as a controllable power source 120. The 

20 controllable power source 120 is mounted on, and electri»lly 

connected to, a fitst pair of pads 122 and 123 Of the substrate 106. The 
controllable power source 120 is powered by connections (not shown) 
to a battery 124 attadxed to a rear side of the housing 104. A vibrator 
assembly 126 is mounted on, and dectzicaUy connected to, a second pair 

25 of pads 126 and 129 of Uie ^ubbtidte 106. The second pair of pads 128 
and 129 are electrically connected to the first pair of pads 122 and 123 
and the controllable power source 120 via a pair of respective tracer 130 
andlSL 

Although the preferred embodiment is illustrated in a radip 
30 tel^>hone, it will be recognized that the vibrator assembly may be * 
advontagcfously employed in other devices such as pagers^ personnel 
jjigiial assistants, or the like- Accordingly, "device" as used herein will 
refer to all 5ud> equipment and tlieir e4uivcdents. 
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Tuniixig to HG. 2, the vibrator assembly 126 is shown e?^loded 
off ofiiiestibstrate_106. The vibrator assembly 126 includes a vibrator . 
. 200 and a pair of liUps 202 and 204. The vibrator 200 includes a motor 
206, a shaft 208, and a weight 210. The motor 206 Is cylindrical and 

5 employs a bousing 207. The motor 206 is powered by a DC voltage 
poteiiUal appKed to the housing 207. The housing 207 includes a first 
conducliwe portion 212 and a second conductive portion 214. The first 
umduclive portion 212 axui ihe second conductive portiati 214 ar« 
comprised of stainless sted or oflier suitable conductive matexiaL The 

10 first conductive portion 212 functimis as ihe negative polarity terminal 
of the motor 206. The second conductive portion 214 functions aa the 
' positive pdari^ terminal of tiia motor 206. The first conductive 
portion 212 is elecnically Insulated from Ihe second conducthre poxtioh 
214 by an iitsulating portion 216 of tiie housing 207 disposed 

15 tiier*etween. The insulating portion 216 is comprised of polyimide 
film or other suitable nonconductive materiaL Ihe first cnndurtive 
portion 212, the insulating portion 216/ and the second conductive 
portion 214 are aligned along a longihidinal axis 220 of the vibrator 200. 
The shaft 208 extends from one end of ti\e motor 206 along ti:ie 

20 longitudinal axis 220. The motor 206, when powered, rotates the shaft 
208. The wei^t 210 is positioned nonconcentiieally on the distal end 
of the diaft 208 so as to rotate when the shaft 208 rotates. The 
nonconcentric positioning of the weiRhl 210, as well as the sise 
differential between Vne shaft 208 and the weight 210, causes the shaft 

25 208 and Ihe weight 210 to vibrate dimng rotation. 

Each one of the pair of dips 202 and 204 is substantially identical 
In order to maintain brevity, only one of the pair of dips 202 and 204 
will be described in detail. Clip 202 includes a generally rectangular 
plate 222. Hist aiid second fingers 224 and 226 extend upward from 

30 opposing edges of the plate 272. As best seen in HG. 2, the first and 
secDiui fingers 224 and 226 curve inwardly toward one anotHer. The 
end 228 of each one of the fingers 224 and 226 extends outwardly from 
tlie apex thereof. The fingers 224 and 226 are used to restrict 
movement of the motor 206 in the vertical and horizontal transverse 
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plane. C% 202 fuxiher indades a flange 230 extending outwardly and 
orftiogonany upwardly from an edge of the plate 222. The flange 230.xs 
• po^oned between the fixsl and Second fingers 224 and 226. The flange 
230 (viewable on dip 204 via a cutaway area) is used to secure fi\e 
5 lon^tudinal posidcai of Ave tnotot 206 of the vibrahw 200. CJip 202 . 
may be ccmstmcied usbig any suitable conveniional techndogy, such 
as feOTi a one piece member thai is stamped from a metHl material, 
sudl as beryDSujn copper or other suilable material, and bent to the 
substantially TT-shaped configuration illustrated in FIG- 2 using a 
10 progressive tooling die. The material is soffidendy resilient sudi thai 
fingcas 224 and 226 spread apart when the motor 206 is pressed 
downwardly towards the plate 222 duiing assembly and then jelam lo 
their original portion to hold the motor 206 securely in position. 
The vibrator asstonbly 126 is assembled to the substrate 106 
15 (ehoum in ftasmenlaiy form in HG. 2) in the following manner. The 
dips 202 and 204 are prefesably attached to the substrate 106 via an 
automated process. Initially, the substrate 106 is subjected to a 
scieening pxoctss that deposits solder paste on the pads 123 and 129. 
The solder paste consists of tin-lead-silver ;dloy, or other suitable 
20 electrically conductive solder. Next, the cHps 202 and 204 axe 

juxtaposed with the pads 128 and 129, respecHvely, as represented by- 
lines 231. Automated placement of the dips 202 and 204 is pecfoimed 
using any suitable, commercially available small part placement 
machine. Once placed, tiie plate 222 of ead\ of flte dips 202 and 204 
25 align with the pads 128 and 129 of the substrate 106, respectively, and 
contact solder paste. 

After placement, the siabstrate 106 is reflow heated to a 
tempoature (hat is suffident to mdt ^ solder paste and tlien cooled 
to zoom tempezacure. A removable aluminum tetnplate may be 
30 ^ployed to maintain aligrarvcnt of the d^s 202 and 204 -with the pads 
125 and 129 duilngreflcrw heating. Reclow heating takes: approximately 
660 seconds. During this time period, the temperature of -d\e substrate 
106 and dips 202 and 204 is tnaeased to approscimately 218 *C. The 
melted solder forms a metallurgical interconnection between the dips 



5 



202 and 204 and the pads 128 aiAd 129, respectively. Orxce cooled, ftxe 
' dips 202 and 204 of aievibiatot assembly 126 are physically and 
. . electrically cormected to the pads 128 and 129 of *csub^^ 

x^pectively- 

S After the dips 202 and 204 are attached to fl\c substrate 106, the 

vibralor 200 is aitacfhed to flie dips 202 and 204. To assemble the 
vibrator 200, the motor 206 is moved in a dowmvard dirertion, as 
repxesented by ISnea 232. The motor 206 contacts the ends 228 of the 
fingers 224 and 226 of the clips 202 aiid 204. The iingers 224 and 226 arc 

10 pressed outwardly by ti»e motor 206 as it continues to be moved 

dovmward toward the plate 222 of tfie dips 202 and 204. Thfiflangc230 
of the dips 202 and 204 engage end surfaces of the motor 206. The shaft 

a08 of the vibrator is long enough to ensure adequate dearance for 
flange 230 of dip 202 between the weight 210 and the motor 2D6. Once 

15 assembled, the first conductive portion 212 only contacts dip 202 and 
fhe second conductive portion 214 only contacts clip 204- The fully 
assembled position Is Illustrated in HG. 1. Automated placement of 
a\e vibrator 200 can be accomplished by using a commerciaUy available 
robotic amu 

20 Once assembled, the vibrator 200 is operational to alert a user 

upon reception of a caD. Referrins to HG. 1, the electronic device 102 
receives a call in the radio communicatic^ system 100 via a radio 
frequency (RF) signal 132, such as a paging signal, communicated from 
a base slatian 134. The antenna 118 detects thp. RF .signal 132 and 

25 couples it to tlie transceiver drcuitry. Responsive to detection/ the 
conlToilable power source 120 generates a DC (direct cuTrent) voltagp 
potential across the first pair of pads 122 and 123. In the preferred 
exnbodiihent, controllable power so\urce 120 generates a posifive 
polarity on pad 122 and a negative polarity on pad 123. The pair of 

30 traces X30 and 131 and the second pair of pads 128 and 129 coupled the 
DC voltage potential to llie pair of dips 202 and 204 of HG. 2, 
respectively. The pair of dips 202 and 204 apply the DC voltage 
potential to the first condxictive portion 212 and the second conductive 
portion 214 of the housing 207 of the motor 206. ThP motor 206, 



^ responsive m Ihe DC voltage potential begins to rotate the shaft 20B 

and the weight 210; thereby, creating a sflent ancoming caD alert sigp^ 
• discBudble to the user of the electronic device 102, 

EIGs. 3 and 4 illustrates an alternate vibrator 300 for use with the 

5 vibrator aseexnbly 126 and the elediamc device 102 of nG.L . 
alKxnate vibiator 300 einploy& a conventional vibrator fl»at has been 
retrofitted. The conventional conponents of the alternate vibrator 300 
include a motor 302, a shaft 304 driven by the motor 302, and a waght 
306 positioned on shaft 304. ALso, die motor 302 mdudes a housing 

10 308 that is cylindrical and comprised of a conductive material, such be 
stainless steel or oOio* suitable metal Also, the motor 302 of the \ 
amventional vibrator generally employs temiinals, sudi as a positive 
terminal 400 axtd a negative temdnal 402 shown via a cutaway 403 of 
HG. 4f disposed on the end of the motor 302 opposite the shaft 304. The 

15 motor 302 is powered by a DC voltage potential supplied by wires (not 
shown) to the ttsnnindls. 

Hoxvever, unlike the conventional vibrator, the alternate 
vibiator 300 Includes a cap 310 and sax insulator 312 fit to the end of the 
motor 302 oppo^te the shaft 304 as represented by dotted lines in HG. 4- 

20 The cap 310 is cylindrical and comprised of a conductive material, such 
as stainless steel or other suitable metal The insulator 312^ which is 
disposed between the housing 30B axtd &e cap 310^ is preferably 
comprised of polyimide iilm or other suitable nonconductive material 
Furthermore, the cap 310 is elecbjcally coimecled lo tlic positive; 

25 terminal 400 via a first wire 404. The housing 3()K is electziCAUy 
conrieeted to the negative terminal 402 via a second wire 406. The 
insulator 312 electricaliy insulates the housing 308 from the cap 310. 
The cap 310, the insulator 312^ and the housing 308 axe conctsitrically 
arranged with respect to a longitudinal axis 314 of the alternate vibrator 

30 300, 

The thickness of the material comprising the cap 310 and the 
insulator 312 adds only negligibly to the diameter of the motor 302*. As 
such, die alternate vibrafor 300 can be assembled to the clips 202 and 
201 of FIG. 2 in the same manner previously described with respect to 
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the vibrator 200. Once assembled, the housing 308 resides in contact 
with dip 202 and in isolation from dip 204; wid the cap 310 resides in . 
contact >vilh dip 2oi"and in isolation from dip 202. The alternate 
vibrator 300 is then operated by the controlled power source 120 in the 
aforementioned planner. 

Thus it can be seen Aat a vibrator assembly is disdosed 
employing only a vibrator and surfece mountable dips ttiat fadlitate 
automated assembly. The suifiice mountable dips anchor the vibrator 
to a substrate and ekctoically couples the vibrator to drcuitty supported 
on the substrate. Thus, the need for a separate mounting bracket and 
pair of vrarcs is diaunated. 



What ie daimed is: 



CJaimb* 

• 1. A vibrator ajwembJy comprisiiig: 

a vibrator including a motor, a shaft driven by the motor, and a 
5 weight positioned ota the shaft; and 

a pair of dips adapted to be mounted to a substrate having a 
controllable power source, ttie pair nf dips electrically coupled to the 
cantroUable power source, the pair of cHps adapted to engage the inotor 

of the vibrator. 

10 

2. The vibrator assembly of claim 1 wherein die motor of the vibrator 
further comprises a conductive hotising. 

3. The vibrator assembly of daam 2 wherein the conductive hou^irig 
15 further comprises a first conductive portion contacting one of the pair 

of dips and a second conduclhre portion contacting the otiKex one of ttie 
pairofdips* 

4- The vibrator assembly Of claim 3 wherein the first conductiye 
20 portion and the second conductive portion are axially aligned. 

5. The vibrator assembly of daim 4 wherein the conductive housing 
mdudes an insulating portion disposed between and axially aligried 
with the first conductive portion and the second conductive portion* 

25 

6. The vibrator assembly of claim 3 wherein the first conductive 
portion and the second conductive pordon are concentrically aligned. 

7. The Vibrator assembly of daim 6 wherein 

30 the conductive housing further comprises an insulating portion 

concentrically disposed on the first conductive portion and 
substantially enclosing an end of the vibrator, and 

the second conductive portion comprises a conductive cap fitted 
on ^le end of the vibrator over the insulating pcrtioxx. 



-9- 



8. The vibiator assembly of daim 1 wherein at least one of Qie pair of . 
dips is substantially "IT-shaped*- • ' 

9. The vOwator assembly of daJm 1 wherein at least one of the pair of 
dips fuiliier comprises a flange contacting an end surface of the motor 
of the vibrator, 

10. An dectzoruc -device comprising: 

a substrate having at least two pads and a controllable power 

source mounted thereon, the controUable power source electrically 
coupled to the at least two pads; 

a pair of cl^s mounted on die substrate, the pair of dips 
electrically coupled to corresponding ones of at least two pads; anrl 

a vibrator including a motor, a shaft ddven by the motor/ and a 
welgjil positioned on the shaft, Ae motor adapted to be received in the 
pair of dips. 
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